As the existence of a late reaction in exercise induced asthma is controversial, peak expiratory flow (PEF) was measured for up to 13 hours after a running test in 404 consecutive young male army conscripts undergoing assessment of their asthma. In 294 subjects (73%) the immediate post-exercise fall in PEF was 10% or more; the mean (SD) fall in PEF in this group was 27% (15%). Nine patients with exercise induced asthma had a fall in PEF of 20% or more 4-13 hours after the exercise test. In these possible "late responders," however, the change in PEF 4-13 hours after exercise was similar to the change in PEF on control days before and after the exercise day, and the lowest PEF during this period was similar to the lowest measurements on the control days. These nine subjects showed pre-exercise bronchodilatation. Their pre-exercise PEF, from which the percentage fall in PEF was calculated, was 24% (9%) higher than the mean PEF level on control days. This study supports the view that what appears to be a "late asthmatic reaction" after exercise is an artefact. Spontaneous within day fluctuation in pulmonary function, pre-exercise bronchodilatation, and the fact that airflow obstruction persists after the early postexercise response may give a false impression of an exercise induced late asthmatic response in patients with labile airways.
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A late asthmatic response has been well documented as following the early bronchoconstriction response to allergen exposure in individuals with asthma. The existence of a similar delayed response after exercise is controversial.'2 In exercise induced asthma bronchoconstriction reaches its peak about 10 minutes after exertion and spontaneous recovery is usually complete within an hour. Bierman et al found that this immediate response was followed in some patients by further bronchoconstriction three to eight hours after exercise.3 This study was reported only in abstract form, but this biphasic res- ponse has been reported in other studies' in up to a third of patients with exercise induced asthma. 4 Verifying the occurrence of late bronchoconstriction after exercise poses methodological problems, however, because of intrinsic bronchial lability in asthmatic patients, especially those with more severe asthma, in whom the late response is most often found. Recently Rubinstein et al showed that the late bronchoconstriction seen after exercise may be an epiphenomenon, bearing no relation to preceding exercise, as corresponding changes in pulmonary function were found on control days-without an exercise challenge.7 Their study was made on selected patients, however, and control days always followed exercise days, so that a late response after exercise could have influenced pulmonary function on the following control day.89
The purpose of the present study was to assess the occurrence of immediate and late responses to exercise in a large number of unselected patients who were consecutively admitted to hospital for evaluation of their asthma.
Methods

PATIENTS
The patients were young male army conscripts, with -a mean age of 21 (range 18-28) years. They were consecutively admitted to the Central Military Hospital, Helsinki, for an assessment of their fitness for military service because of stable or aggravated asthma or, in patients who had developed suggestive symptoms during service, for confirmation of the diagnosis of asthma. The diagnosis of asthma was based on a history of asthmatic symptoms (wheezing or prolonged non-infectious cough) and the demonstration of bronchial hyperreactivity to histamine or an exercise challenge or both. Of the 424 asthmatic men who underwent exercise testing from October 1985 to February 1989, 20 were excluded from the study: 12 left the hospital and eight were given a bronchodilator before postexercise pulmonary function could be assessed. In the 404 asthmatic subjects studied the mean (SD) forced expiratory volume in one second (FEV,) was 88% (11%) predicted, the blood eosinophil count was 0-28 (0 21) x 1091, and the geometric mean serum concentration of total IgE was 215 (range 25-6500) kU/l. Eighty five per cent of the patients had at least one positive reaction in skinprick tests; 35% were smokers.
Only 24% of the patients took regular daily asthma medication before they entered the study. Others had no medication or used inhaled bronchodilators when needed.
In The significance of the fall in PEF between four and seven hours after exercise was estimated by comparing these values with the corresponding change in PEF measurements on control days (taken at 1300 and 1800 hours respectively). Ninety five per cent confidence intervals (CI) for the changes were calculated. Pre-exercise PEF was compared with PEF on control days in a similar way. (fig 2) .
Discussion
This study shows that in a group of over 400 asthma patients no consistent pattern of "exercise induced late asthmatic reaction" could be Table 2 Peak expiratory flow (PEF) levels immediately before exercise and the minimum levels during the potential late response period and control period in subjects with a possible "late response" (n = 9) and in the remaining subjects (n = 285) with exercise induced asthma PEF (I/min, mean (SD)) ' 3 (12) 26 (14) 536 (68) 501 (61) 476 (87) 20 9 3 (11) 40 (17) 510 (66) 350 (55) 371 (104) found, though an early obstructive postexercise response was seen in 73% of the subjects. An apparent late response in some subjects appears to be due to within day fluctuations in pulmonary function, pre-exercise bronchodilatation, and the fact that some airflow obstruction persists after the exercise test.
Rubinstein and coworkers have suggested that changes in airway function that have been interpreted as a biphasic asthmatic response to exercise may be caused by methodological problems in experimental design.7 They proposed that the most important reason for the progressive decline in postexercise pulmonary function is the withdrawal from bronchodilator treatment. In the present study only three of the nine potential late responders took medication regularly, and five used bronchodilators "when needed." The diagnosis of asthma had not been made in the remaining patient at the time of inclusion in the present study. All the nine patients had been admitted to the studies because of clearly aggravated labile asthma, while most of the other patients had more stable asthma and were admitted for assessment of fitness. Patients with deteriorating pulmonary function within hours of an exercise challenge need regular medication as their asthma is unstable.
In this study we found greater pre-exercise bronchodilatation in patients with an apparent late response to exercise. This may be caused by anticipation of the test, causing release of endogeneous catecholamines. Pre-exercise bronchodilatation has not been noted in other studies of the late reaction after exercise 17 l1 possibly because these studies have analysed only the pulmonary function data measured just before the challenge, during the time of pre-exercise bronchodilatation. Pre-exercise bronchodilatation also gives a plausible explanation for the findings in several previous studies,371l where pulmonary function did not return completely to the starting value after the early response. When this "hidden" bronchoconstriction was removed by treatment with corticosteroids, no pre-exercise bronchodilatation occurred and no "delayed reaction" was seen after exercise."
The prevalence of even possible late responders was low in our population (3% of subjects with exercise induced asthma if the limit of a late response is put at a 20% fall in PEF). Others have reported a much higher prevalence of "late responders" in selected study populations-for example, 15%,7 33%,4 and even 54%." One reason for this discrepancy may be the different study populations. A late response after exercise has been found in children45 and mediator release was found during the late response.4 Another reason for the discrepancy, however, may be that the pre-exercise bronchodilatation has escaped notice in other studies.
Exercise tests were undertaken under natural ambient air conditions, which varied rather more widely than in a controlled environment. Our results are likely to reflect the everyday occurrence of a late asthmatic response in a population of young men with mild or moderate bronchial asthma. The nine subjects who were potential late responders also exercised in very different climatic conditions (from -10°C to + 220C), but the mean temperature during their tests was similar to that seen during the other tests (table 2). The study group was large, so a certain kind of climatic environment is unlikely to be necessary for a late response to occur.
Many variables, such as the underlying state of airway reactivity modified by allergen exposures, may change the reactivity to exercise. 4 15 This may partly explain why exercise responses on warm summer days were almost of the same magnitude as those on cold and dry winter days despite the controlled work load during the tests.
This study strongly supports the view that the delayed response to exercise is an artefact,2 16 at least in young men with mild or moderate asthma. The absence of a late response in exercise induced asthma suggests that there are differences in the pathophysiology of exercise induced and allergen induced asthmatic reactions.This is clinically important, as exercise cannot be blamed for continuous aggravation of the asthmatic state. On the contrary, such a deterioration may be due to other factors, such as prolonged or repetitive late allergic reactions. 
